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Abstract

Purpose Spinopelvic parameters can be useful in identi-
fying risk factors for lumbar degenerative disc disease, but
few studies assess patients with single-level disc herniation
and most do not evaluate symptoms. This comparative
retrospective study was aimed to analyse spinopelvic
parameters, symptoms and MRI changes in patients with
single-level lumbar disc herniation undergoing conserva-
tive or surgical treatment.

Methods Patients with clinical and radiological assessment
(Japanese Orthopaedic Association Score) and an MRI eval-
uation of the lumbar spine were identified and divided into two
groups: surgically treated (group A) and not requiring surgery
(group B). Spinopelvic parameters were determined on
standing profile radiographs of the lumbar spine and pelvis,
and mean values were compared to those reported in the lit-
erature for normal subjects. MRI findings were graded
according to the system described by Pfirrmann et al.
Results The study included 71 patients with single-level
lumbar disc herniation: 26 in group A (39.4 &+ 12.1 years)
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and 45 in group B (51.4 £ 17.2 years). The notable dif-
ferences in spinopelvic parameter means between the two
groups did not reach statistical significance. A positive
correlations of age with pelvic tilt and Pfirrmann changes
with pelvic incidence was only found in group A, while
both groups showed highly significant positive correlations
of pelvic incidence with the spine’s conformational type
(p = 0.001).

Conclusions Characteristic changes in spinopelvic param-
eters identified in patients with lumbar degenerative disc
disease were a reduction in pelvic incidence, sacral slope
and lumbar lordosis, with an increased pelvic tilt. These
were found to correlate with MRI changes in surgically
treated patients.

Keywords Lumbar degenerative disc disease - Pelvic
sagittal balance - Roussouly classification - MRI changes

Introduction

Low back pain (LBP) is one of the most common medical
problems that can lead to temporary or permanent dis-
abilities, associated with an important socioeconomic and
healthcare burden [1]. With an estimated point prevalence
of 11.9 £ 2.0 %, as much as 50-70 % of the general
population suffers from at least one episode of LBP in their
lifetime [2, 3]. Although LBP is not a disease in itself,
rather a series of symptoms, one of its major causes is
lumbar degenerative disc disease [4]. In spite of progresses
made in clinical and basic research, there is still no general
consensus regarding risk factors and physiopathological
mechanisms involved [1, 5, 6].

Introduced around 1985, the concept of sagittal balance
has been widely used in the assessment and management of
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spinal disorders, with growing interest in the study of
spinopelvic parameters in the last three decades [7-9].
Continuing the work of During and Duval-Beaupere
[10, 11], a series of authors have highlighted the impor-
tance of sagittal balance in spinal pathology [12-16].
Among them Roussouly played a key role in promoting the
concept by creating a classification in the asymptomatic
population [17]. Other studies conducted in asymptomatic
patients revealed correlations between spinopelvic param-
eters and the sagittal curvatures of the spine, especially the
lower arch of the lumbar lordosis (LL), corresponding to
L4-S1 vertebrae [12].

It is generally believed that the form and spatial orien-
tation of the pelvis determine the organization of the spine
and its curvatures. Lateral view radiographs can be used to
identify the shape of the pelvis through assessment of the
pelvic incidence (PI), a fix anatomical angle that is specific
for each individual and does not suffer any changes after
adolescence. This parameter is linked with two other pelvic
measurements: pelvic tilt (PT) and sacral slope (SS); their
interdependency can be expressed using the mathematical
formula PI = PT + SS. While PI has a fixed value, unin-
fluenced by external factors, both PT and SS depend upon a
series of factors. Firstly, PT characterises the rotation of the
pelvis around the femoral heads—backwards rotation
(retroversion) of the pelvis increases PT, while forward
rotation (anteversion) decreases the value of PT. Secondly,
SS can be defined as a compensatory angle of PT charac-
terised by the position of the sacral S1 endplate (Fig. 1).

Patients with degenerative disc disease often show a loss of
LL, which has to be compensated in the spinal alignment in
order to re-establish pelvic sagittal balance; any imbalance
can be a source of pain manifested as LBP. As a morpho-
logical parameter, PI is unmodified by degenerative changes
so its correlation with LL might offer information about
sagittal balance in patients with lumbar degenerative disc
disease. Several studies have shown that degenerative disc
disease, degenerative or isthmic spondylolisthesis and
degenerative scoliosis may be related to specific changes in
the sagittal balance of the spine [13, 15, 18]. However, few
studies were made on patients with single-level disc hernia-
tion and most did not assess patient symptoms, in spite of their
importance in treatment decisions. This retrospective study
comparatively analysed spinopelvic parameters, symptoms
and MRI changes in patients with single-level lumbar disc
herniation undergoing conservative or surgical treatment.

Materials and methods
The study was based on the premise that degenerative

spinal disorders associate specific changes of sagittal bal-
ance of the spine. We hypothesised that in the case of
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Fig. 1 Diagram of the lateral aspect of the spine showing the
measured spinopelvic parameters. SS4 spinosacral angle, Pl pelvic
incidence, PT pelvic tilt, SS sacral slope, HA hip axis, lower arch of
lumbar lordosis measured between L4-S1, upper arch of lumbar
lordosis measured between L1-L4

single-level lumbar disc herniation, sagittal balance
parameters will show different correlations with symp-
tomatology and MRI changes in patients with an indication
for conservative versus surgical treatment.

This retrospective observational study included patients
diagnosed with lumbar degenerative disc disease between
October 2012 and January 2015 in the Clinic of Ortho-
paedics and Traumatology II of the Timisoara Emergency
County Hospital. The study protocol was approved by the
local ethics committee, and the study was prepared
according to the STROBE statement for observational
studies (STROBE checklist version 4).

Inclusion criteria were the concomitant presence of a
single-level lumbar disc herniation, a thorough clinical and
radiological assessment (including the Japanese Ortho-
paedic Association—JOA score for low back pain), and an
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MRI evaluation of the lumbar spine (data from machines
with a minimum of 1.5 T, sagittal T1-weighted spin-echo
and T2-weighted fast spin-echo sequences). Patients with
missing clinical, radiological or MRI data, as well as prior
surgical interventions on the lumbar spine were excluded
from the study. Further exclusion criteria were the presence
of multilevel disc herniation, presence of spinal deformities
(scoliosis/spondylolisthesis), spinal tumours, or disorders
of the hip and pelvic girdle that could influence spinal
sagittal balance measurements.

All patients underwent an initial 6 weeks of conser-
vative treatment. Clinical, demographic and imagistic data
were retrieved from patient records. Patients were divided
into two groups according to the JOA score at the end of
the initial 6 weeks of conservative treatment. The score’s
value (ranging from —6 to 29) was used to determine the
indication for surgical treatment—a value <14 was
regarded as a sign of the necessity of an operative
intervention. Group A included patients who received
surgical treatment by microdiscectomy. Group B con-
sisted of patients that had a positive response to
conservative treatment in the first 6 weeks and did not
require surgery. All patients were treated by the same
team of surgeons, regardless of the treatment type (con-
servative or surgical).

Standing profile radiographs of the lumbar spine and
pelvis were used to determine spinopelvic parameters
according to the protocol described by Roussouly et al. [17]
and to determine spinal conformational type (Fig. 2).
Radiographic images in DICOM format were processed
using Surgimap Spine 2.1.2 software (Nemaris Inc., New
York, USA) for pelvic sagittal balance measurements.
Target spinopelvic parameters were PI, PT, SS, LL and
upper and lower arch of LL (Fig. 3). Of these, PI was
measured as the angle between the perpendicular drawn
from the middle of the S1 endplate and the line connecting
the bi-coxo-femoral axis to the middle of the S1 endplate;
PT was determined as the angle between the line con-
necting the middle of the S1 endplate to the bi-coxo-
femoral axis and the vertical axis, while SS corresponded
to the angle between the sacral endplate and the horizontal
axis. Thus, both PT and SS vary depending on the orien-
tation of the pelvis. The Cobb method was used to
determine LL between the upper endplates of S1 and L1;
the upper and lower arches of LL were measured between
L1 and L4, and L4 and S1, respectively.

In order to analogize the values of these spinopelvic
parameters with the ones found in the asymptomatic pop-
ulation, the mean values obtained were statistically
compared to the means published by Chaléat-Valayer et al.
[19] for a cohort of 709 normal subjects.

MRI data were analysed and classified by two of the
authors, using the grading system described by Pfirrmann

et al. [20] for lumbar intervertebral disc degeneration. This
recognises 5 grades, based on the height and structure of
the intervertebral disc, distinction of nucleus pulposus and
annulus fibrosus, and signal intensity on T2-weighted
images.

Statistical analysis of data was performed using SPSS
20.0 Statistical Software (IBM Corporation, Armonk, NY,
USA), and data were expressed as mean & SD. The
Pearson r coefficient was used to evaluate correlations
between demographic, clinical and imagistic data, and the
studied spinopelvic parameters. Student’s ¢ test was used
for comparing mean spinopelvic parameters in the included
patients with the published values for the asymptomatic
population. For all tests, a p value <0.05 was considered
statistically significant and a p value <0.001 was consid-
ered highly significant.

Results

The study involved a series of 71 patients that presented
adequate clinical and imagistic assessment: 26 were
included in group A (14 males, 12 females) and 45 in group
B (23 males, 22 females). Mean age was 39.4 4+ 12.1 years
in group A and 51.4 £ 17.2 years in group B. Based on
sagittal balance type according to the classification of
Roussouly, patients from group A showed a predominance
of conformational types II and I (50.0 and 23.07 % of
cases), while in group B types III and I were predominant
(40.0 and 33.33 %, respectively)—Fig. 4 shows a repre-
sentative case from each group. There were
notable differences in spinopelvic parameter means
between the two groups, especially in PI and LL, but
without reaching statistical significance (Tables 1, 3).

Patient age was significantly positively correlated with
PT in group A, without a similar correlation in group B;
there was also a positive correlation of age with Pfirrmann
changes in both groups (Table 2). Age was positively
correlated with the upper arch of LL and LL in group A
(» = 0.004 and p = 0.028, respectively). The latter cor-
relation was not observed in group B.

The JOA score values were positively correlated with
MRI changes in both groups, but a correlation with the
spine’s conformational type was only found in group B.
Pfirrmann changes found in both groups were positively
correlated with PT, LL and the upper arch of LL (L1-L4),
while a correlation of MRI changes with PI was only
identified in patients from group A (p = 0.001).

A highly significant positive correlation of PI was found
with conformational type in both patient groups
(p = 0.001), with significant negative correlations of PI
with LL and the lower arch of LL (L4-S1)—these negative
correlations were stronger for group A.
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Fig. 2 Sagittal balance conformational types as described and classified by Roussouly et al. (PI pelvic incidence)

¥ o

Fig. 3 Measurement of spinopelvic parameters using Surgimap 2.1.2
software—the femoral heads, and S1 and L1 endplate are identified;
the parameters are calculated and values are displayed automatically

Although there was a highly significant negative corre-
lation of SS with LL and the lower arch of LL in both groups,
patients from group A showed a stronger correlation.

There were no statistically significant differences in the
mean values of PI, PT, SS and LL between the two patient
groups (Table 3). When compared to the mean values
observed in the asymptomatic population, there were sta-
tistically significant differences between the means of both
SS and LL for both patient groups. However, mean PI
values were significantly different only between patients
from group A and normal subjects, while the same was

@ Springer

found for mean PT values for patients in group B as
compared to asymptomatic subjects.

Discussion

The pelvis’ relative position to the spine is a decisive factor
influencing spinal curvatures. As there are no standard
pelvis sagittal balance values available for the general
population, normal physiological curvatures of the spine
are hard to define [21, 22]. It seems that the most important
factor is the congruence between spine curvatures, yielding
an optimal position that is maintainable with minimal
muscular effort, with the body’s weight axis in a physio-
logical position [22, 23]. Thus, determining the spatial
position of the pelvis is of paramount importance, and
measuring spinopelvic parameters can offer valuable
information about this factor.

Loses of LL have important consequences on spinal
alignment and must be compensated to maintain pelvic
sagittal balance. In patients with degenerative disc disease,
the loss of LL is a frequent find that has the potential to
influence sagittal balance; LBP in these patients suggests
that the imbalance can be a source of pain.

In the asymptomatic general population, authors found a
major correlation between LL and SS, leading Roussouly
et al. [17] to define their classification of sagittal balance.
As a morphological parameter, PI is not influenced by
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TYPE I

TYPE III

Fig. 4 Typical examples of the studied cases: an example from group A with Roussouly conformational type I (a), and one from group B with
Roussouly conformational type III (b)

Table 1 Distribution of patients according to the classification of Roussouly, noting equivalent spinopelvic parameters

Group  Sagittal balance

PI (mean £ SD)

PT (mean + SD)

SS (mean + SD)

LL (mean £ SD)

L1-L4 lordosis

L4-S1 lordosis

type (Roussouly) (mean + SD) (mean + SD)
A I 41.7° £ 7.1° 12.9° £+ 5.0° 28.8° £ 3.5° 48.5° £ 4.7° 8.7° £ 4.5° 39.1° £ 5.3°
n=26 n==6

1T 48.5° £ 7.1° 19.1° £ 6.0° 28.5° + 2.6° 33.8° + 6.8° 1.6° + 5.5° 31.7° £ 3.2°

n=13

I 49.5° £ 7.7° 13.5° £ 13.4° 36.5° + 5.0° 51.0° £ 12.7° 9.5° + 5.0° 41.5° £ 7.7°

n=2

v 64.6° £ 3.2° 16.6° £ 2.0° 48.2° £ 3.0° 69.8° £ 0.8° 14.7° £ 9.0° 56.0° £ 7.3°

n=>5

Mean 48.3° £ 11.1° 15.1° £ 5.9° 33.1° £ 8.4° 49.4° £+ 13.0° 8.0° £ 7.2° 41.1° £ 10.2°
B 1 45.4° + 8.3° 14.5° £ 8.4° 31.0° + 3.4° 48.0° £ 8.2° 7.2° £ 11.3° 42.9° + 6.9°
n=45 n=15

1T 49.2° £+ 14.7° 20.6° £ 9.7° 29.0° £ 9.5° 35.0° + 10.2° 8.1° £ 7.0° 37.8° + 9.0°

n=7

I 55.8° £ 7.7° 16.6° £ 8.0° 38.8° + 4.5° 61.7° £ 4.6° 13.6° £ 8.6° 47.6° £ 5.8°

n=18

v 68.8° £ 5.7° 19.0° £ 5.3° 49.8° £ 5.1° 61.8° £ 7.4° 10.6° £ 14.6°  51.0° £ 10.2°

n=>5

Mean 52.7° £ 11.4° 16.7° £ 8.2° 35.8° + 8.2° 53.0° £ 12.1° 10.3° £ 10.2°  44.9° £ 8.1°

PI pelvic incidence, PT pelvic tilt, SS sacral slope, LL lumbar lordosis, SD standard deviation

degenerative changes, so its correlations might offer
important clues about sagittal balance in a population with

lumbar degenerative disc disease.

Our results show that patients with degenerative disc
disease have a sagittal balance profile with an average
small PI, a large PT and reduced SS. These changes were
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Table 3 Values of the main spinopelvic parameters obtained in the studied patient groups, compared to an asymptomatic population [19] (see

“Materials and methods™)

Parameter Pelvic incidence Pelvic tilt Sacral slope Lumbar lordosis
(mean £ SD) (mean + SD) (mean £ SD) (mean £ SD)
Group A (n = 26) 48.3° + 11.1° 15.1° £ 5.9° 33.1° £ 84° 49.4° + 13.0°
Group B (n = 45) 52.7° £ 11.4° 16.7° £ 8.2° 35.8° £+ 8.2° 53.0° £+ 12.1°
Asymptomatic population (n = 709) 52.6° £ 10.4° 13.0° £ 6.8° 39.6° £ 7.9° 61.0° £ 10.7°
Pelvic incidence Pelvic tilt Sacral slope Lumbar lordosis

(Student’s ¢ test)

(Student’s ¢ test)

(Student’s ¢ test)

(Student’s ¢ test)

Group A versus group B p=0.11 p =0.38 p =0.18 p =024
Group A versus the asymptomatic population p = 0.04* p=0.12 p = 0.0001%%* p = 0.0001%%*
Group B versus the asymptomatic population p = 0.96 p = 0.005% p = 0.002* p = 0.0001%*%*
* Statistically significant

** Highly statistically significant

allow us to draw definite conclusions. A second important ~ References

limitation is the absence of a control group of healthy
subjects—this was partially corrected by comparing the
found spinopelvic parameters to the values reported in the
literature, but unfortunately these data vary from one
study to another. However, the present study has the
benefit of assessing and correlating patient symptoms with
a series of spinopelvic parameters important for sagittal
balance and will serve as a starting point for prospective
investigations.

Conclusions

Patients with single-level lumbar degenerative disc disease
that underwent surgical treatment presented fundamental
changes of spinopelvic parameters: reduced PI, SS and LL
compared to patients treated by conservative means. Also,
patients in need of surgical treatment tend to have Rous-
souly conformational types Il and I, with a significantly
lower PI compared to normal subject, which correlates with
Pfirrmann MRI changes.
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